In 2007-2008 the effect of nitrogen fertilization and harvest term on quality of two carrot cultivars was investigated. The field experiment was carried out in Żelazna Experimental Station of Warsaw University of Life Sciences. Karotan F 1 and Trafford F 1 cultivars, commonly grown for juice industry, were the objects of the experiment. Carrot seeds were sown at the beginning of May. Nitrogen fertilization was applied in five rates, ranged from 0 to 120 kg·ha -1 and in two terms -before sowing and in the middle of growing season. Roots were harvested in three terms: mid-September, mid-October and the first decade of November. After harvest there were determined: nitrates (NO 3 ) content in carrot roots and juice, soluble solids, colour parameters of juice in CIE L*a*b* system. The dose and the term of nitrogen fertilization influenced nitrates content in carrots, and the highest NO 3 concentration was found in carrots fertilized with 120 kg·ha -1 of N before sowing. Karotan showed higher nitrates accumulation than Trafford. The content of nitrates in the roots was markedly higher than in carrot juice. Nitrates content in carrots decreased with delaying of harvest time, in opposite to soluble solids content. Soluble solids content and colour parameters of carrot juice were not affected by nitrogen fertilization, but the lowest L*, a* and b* values were observed at the last term of harvest.
INTRODUCTION
Carrot (Daucus carota L.) is the important vegetable crop, grown in temperate climate zone. Consumption of carrot, both fresh and processed, has increasing tendency. Poland is the second country in Europe in respect of total production of carrot. Carrot cultivated for processing should meet strict quality specifications, which are especially high for roots used for children products.
Important quality attributes of carrots grown for industry are: low nitrates content, high sugars content, intensive juice colour and high carotenoids content, β-carotene especially. According to Holden et al. (1999) , raw carrot roots contain an average 12% of dry matter, 4.5% of sugars, 2% of dietary fiber, 5.7 mg·100 g -1 of β-carotene, 5.9 mg·100 g -1 of vitamin C. However, chemical composition of carrot storage roots relates in high degree to a genotype and agricultural practices (Brunsgaard et al. 1994 , Warman & Havard 1997 .
Soluble sugars are the main storage compounds in carrots, and they account for 34-70% of dry weight of the roots (Nilsson 1987) . Sucrose is the predominant storage sugar at roots full maturity, which amount reaches 3.6% (Daie 1984) . Growing or storage conditions affect the content of sugars in carrots (Lee 1986 , Seljasen et al. 2001 , Gajewski & Dąbrowska 2007 . Besides sugars, carotenoids are very important carrot compounds (Handelman 2001 , Alasalvar et al. 2005 . The main carotenoids found in carrot roots are α-carotene and β-carotene (Simon & Wolff 1987 , Holden 1999 . Skrede et al. (1997) found that high β-carotene content results in a more reddish and darker colour, but a less intensive hue of the roots. Zude et al. (2007) reported moderate relationship between carotenoids content in carrot roots and b* parameter of colour of the roots. According to Rosenfeld (1998) , the content of carotenoids is positively correlated with the age of carrot root.
Nitrates accumulation by vegetable plants is very important to the consumer, due to the negative influence of nitrates on human health (Hardisson et al. 1996) . Consumption of vegetables is believed as a major source of nitrates for human population. Factors affecting nitrates accumulation in plants, including fertilization, environmental conditions and harvest date, are widely investigated (Drlik & Rogl 1992 , Mazur 1992 , Fytianos & Zarogiannis 1999 , Gutezeit 1999 , Gutezeit & Fink 1999 , Gutezeit 2000 , Amr & Hadidi 2001 , Wawrzyniak et al. 2004 , Santamaria 2005 , Kona 2006 , Ayaz et al. 2007 ). There were found big differences between nitrates accumulation in different vegetable species. The Joint FAO/WHO Expert Committee on Food Additives established in 2002 the acceptable daily intake of nitrates on the level of 3.7 mg per kg of body weight per day, equivalent to 222 mg of nitrates per day for adult of 60 kg of body weigh (Santamaria 2005) . In Poland, acceptable content of nitrates in carrots was established in 2003 on the level of 400 mg NO 3 ·kg -1 fw for adults and 200 mg NO 3 ·kg -1 fw for children (Anonymous 2003) . The objective of the study was to determine the influence of nitrogen fertilization and harvest term on nitrates accumulation and some other quality traits of roots of two industrial carrot cultivars.
MATERIAL AND METHODS
The study was carried out in Warsaw University of Life Sciences in [2007] [2008] . Carrots were grown in the field of Experimental Station in Żelazna, in podzolic soil of humus content 1.6-1.8%. The experiment was established as the three-factor one, in split-plot scheme, in four replicates. The plot area in one replicate was 20 m 2 . Factors for the experiment were: Factor A -nitrogen rates (as in Table 2 . Total sum of rainfalls in both years of the study was similar. In the first year rainfalls during the vegetation season were very little differentiated between months, but in the next year rainfalls in June were very low. Mean temperature for months for the period of May-September was similar in both years. Before harvest terms temperature below zero degree was not noted. Carrot roots were subjected to analysis directly after harvest. Nitrates (NO 3 ) contents in carrot roots and juice were determined with spectrophotometric methods and expressed in mg·kg -1 . Fresh carrot roots were finely grated and extracted with acetic acid (10 g of grated roots + 100 ml of 2% acetic acid + active carbon to eliminate colour; 0.5 hour extraction in laboratory shaker, then filtration). Extracts were injected to Fiastar device (Tecator, Sweden). Nitrates were determined at the wavelength of 440 nm. Nitrates (NO 3 ) content in carrot juice was determined with NitraChek 404 device (CA, England), equipped with Merckoquant tests (Merck), calibrated to laboratory temperature. Carrot juice was obtained in a professional rotary juice-maker. Soluble solids content in the juice was determined with a digital refractometer and expressed in ºBx. Colour parameters of the juice were determined with HunterLab XE spectrophotometer, using CIE L*a*b* scale with 10 o /D65 instrument setup. All measurements were done on representative samples, taken in three replicates. For the analysis of variance 'Statgraphics Plus v. 4.1' software was applied, and Tukey's HSD test was used to determine significance of differences at P=0.05. Since the relations between factors were similar in both years of the experiment, data presented are the means of the two years of study.
RESULTS AND DISCUSSION
Literature data concerning nitrates accumulation in carrots are differentiated, and ranged from 50 to 500 mg NO 3 ·kg -1 fw for plants grown in Middle Europe region (Mazur 1992 , Gutezeit 1999 , Pokluda 2006 ). In our experiment, differences in nitrates content in the roots were found only in the case of 120 and 0 kg N·ha -1 doses (Table 3) . These results are in accordance with reports of other authors. For example, Gutezeit (1999) reported that nitrogen fertilization rates ranged from 0 to 150 kg·ha -1 had no significant influence on nitrates content in Karotan carrot. Similar effects of nitrogen fertilization on carrots grown in the field were observed by Mazur (1992) . Cserni & Prohaszka (1988) reported that N doses up to 160 kg·ha -1 did not significantly affected nitrates content in carrots in container trials. In our study, the effect of nitrogen fertilization rates was more evident in the case of carrot juice than of the whole roots. The highest nitrates accumulation in the juice was observed for 120 and 30 + 30 kg N·ha -1 doses (Table 4) . Carrot roots used for processing are usually harvested in autumn, but harvest time differs greatly due to necessity of prolongation the period of raw material supplying to processing factories. Therefore, carrot roots are harvested in the period ranged from September to mid-November, or even later. In our study, harvest terms markedly affected nitrates accumulation in carrots. Nitrates content in roots of both cultivars was the highest at the first harvest term (on average, it reached 260 mg·kg -1 fw). At the last harvest term nitrates content decreased more than twice. It is in agreement with results obtained by Gutezeit & Fink (1999) and by Mazur (1992) . In our study, significant differences in nitrates accumulation between the two cultivars were found. Karotan showed a higher tendency to nitrates accumulation than Trafford. Similar relationship, as for the whole carrot roots, was found for nitrates concentration in carrot juice, where nitrates content was about 40% lower than in the roots.
Soluble solids content in carrot relates to sugars accumulation. Sandhu et al. (1988) reported that soluble solids content in carrots was the highest when nitrogen fertilization on the level of 80 kg·ha -1 was applied. In our study, there was no clear relationship between nitrogen fertilization and soluble solids accumulation in the roots (Table 5) . Generally, soluble solids content was similar in carrots fertilized with different nitrogen rates. Significant influence of harvest term and the cultivar on soluble solids content was found. Delaying of harvest time resulted in increasing of soluble solids content in carrots. It is in accordance with report of Suojala (2000) . It was also found that Trafford was the cultivar of higher soluble solids accumulation than Karotan. 9.5 9.4 9.6 10.2 9.5 9.5 9.5 9.5 b 60 8.9 9.1 8.9 9.4 9.2 9.7 9.0 9.4 9.2 a 30 + 30 8.8 9.2 9.1 9.2 9.6 9.5 9.2 9.3 9.2 a 0 + 60 8.4 8.9 9.6 9.5 8.6 9.5 8.9 9.3 9.1 a 0 9.1 9.3 9.1 8.9 9.4 9.4 9.2 9.2 9.2 a Cultivars 8.8
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Colour parameters of carrot juice, measured with CIE L*a*b* system, are important quality traits for carrots used for processing. In our study, L* value (lightness) of the juice was not related to nitrogen fertilization (Table 6 ). L* value decreased with delaying harvest time, and at the last term it was significantly lower than at the first one. It was also found that L* value was slightly higher for Trafford than for Karotan. Colour intensity in red and yellow spectrum, which is expressed by a* and b* parameters, is related to carotenoid pigments content in carrots. Carrots rich in carotenoids show more reddish colour and less intensive hue of roots (Skrede et al. 1997) or high b* value of roots (Zude et al. 2007) . High relationship between b* parameter and carotenoids content was found also for pumpkin fruits (Seroczyńska et al. 2006) . The influence of nitrogen fertilization on a* and b* parameters was insignificant in our study (Table 7) . However, the influence of harvest term on a* and b* parameters was more evident, and significant differences in a* and b* values between the first and the last term were observed. At the last harvest term a* and b* values of the juice were lower than at the first term (Table 8) . From the two cultivars used in the experiment, Trafford was characterized by higher b* value of the juice than Karotan, what suggests higher carotenoids content in roots of this cultivar, according to the relationship reported by Zude et al. (2007) . However, this remark should be confirmed with chemical analytical method, to determine carotenoids content in the roots of both cultivars. Table 3 . Nawożenie azotowe zastosowano w pięciu kombinacjach -w dawkach od 0 do 120 kg ha -1 i w dwóch terminach -przed siewem i pogłównie w połowie okresu wegetacji. Marchew zbierano w trzech terminach -w połowie września, w połowie października i w pierwszej dekadzie listopada. Nasiona wysiano na początku maja, do standardowych redlin. Po zbiorze oznaczano: zawartość azotanów (NO 3 ) w korzeniach i w soku, zawartość ekstraktu, parametry barwy soku w systemie CIE L*a*b*. Zastosowane dawki i terminy nawożenia azotem wpłynęły nieznacznie na zawartość azotanów w marchwi. Najwyższą zawartość azotanów stwierdzono w marchwi nawożonej azotem przedsiewnie w dawce 120 kg·ha -1 , a najmniejszą w marchwi nie nawożonej azotem. Marchew Karotan wykazywała wyższą zawartość azotanów niż marchew Trafford. Zawartość azotanów w soku była znacząco niższa niż w całych korzeniach. Zawartość azotanów malała wraz z opóźnieniem terminu zbioru, natomiast zawartość ekstraktu w korzeniach wzrastała. Zawartość ekstraktu i parametry barwy soku nie zależały istotnie od nawoże-nia azotowego. Najniższe wartości parametrów L*, a* i b* stwierdzono w najpóźniej-szym terminie zbioru.
